Background Aromatase inhibitors provide superior disease control when compared with tamoxifen as adjuvant therapy for postmenopausal women with endocrine-responsive early breast cancer. Purpose To present the design, history, and analytic challenges of the Breast International Group (BIG) 1-98 trial: an international, multicenter, randomized, double-blind, phase-III study comparing the aromatase inhibitor letrozole with tamoxifen in this clinical setting. Methods From 1998-2003, BIG 1-98 enrolled 8028 women to receive monotherapy with either tamoxifen or letrozole for 5 years, or sequential therapy of 2 years of one agent followed by 3 years of the other. Randomization to one of four treatment groups permitted two complementary analyses to be conducted several years apart. The first, reported in 2005, provided a head-to-head comparison of letrozole versus tamoxifen. Statistical power was increased by an enriched design, which included patients who were assigned sequential treatments until the time of the treatment switch. The second, reported in late 2008, used a conditional landmark approach to test the hypothesis that switching endocrine agents at approximately 2 years from randomization for patients who are disease-free is superior to continuing with the original agent. Results The 2005 analysis showed the superiority of letrozole compared with tamoxifen. The patients who were assigned tamoxifen alone were unblinded and offered the opportunity to switch to letrozole. Results from other trials increased the clinical relevance about whether or not to start treatment with letrozole or tamoxifen, and analysis plans were expanded to evaluate sequential versus single-agent strategies from randomization. Limitations Due to the unblinding of patients assigned tamoxifen alone, analysis of updated data will require ascertainment of the influence of selective crossover from tamoxifen to letrozole. Conclusions BIG 1-98 is an example of an enriched design, involving complementary analyses addressing different questions several years apart, and subject to evolving analytic plans influenced by new data that emerge over time. Clinical Trials 2009; 6: 272-286.
Introduction
Breast cancer is currently the leading type of cancer among women worldwide and accounts for nearly one in four cases of cancer among women [1] . According to recent data from the World Health Organization, the incidence rates among industrialized countries range from 80-99/100 000 women [1] . Although 90% of patients are initially diagnosed with early and operable breast cancer, more than 50% relapse within 10 years without adjuvant treatment [2] .
Since the late 1950s, randomized trials of adjuvant systemic therapy have been conducted in an effort to reduce the number of relapses and to prolong the survival of patients with operable disease. The Early Breast Cancer Trialists' Collaborative Group, summarizing data from 194 randomized trials of women with early breast cancer, found that adjuvant systemic treatments with chemotherapy, endocrine therapy, or combinations of both improved the prognosis of patients with breast cancer. In their meta-analysis, treatment with tamoxifen for 5 years reduced the relative risks of breast cancer death and recurrence by 34% and 41%, respectively, in women with estrogen receptor-positive disease [2] . Treatment with tamoxifen alone or in combination with chemotherapy was shown to be more effective than chemotherapy alone. Through the late 1990s, prolonged endocrine therapy with tamoxifen was considered to be a standard treatment in a postmenopausal patient population with early breast cancer.
During the last several years, the superiority of tamoxifen has been questioned after the development of aromatase inhibitors (AIs). Third-generation aromatase inhibitors include the nonsteroidal inhibitors, letrozole and anastrozole, and the steroidal inhibitor, exemestane. AIs were shown to be efficacious in the treatment of advanced breast cancer [3] [4] [5] , and multiple clinical trials were developed to evaluate the role of AIs as an adjuvant treatment for women with early breast cancer. One such trial is the Breast International Group (BIG) 1-98 study, which compares 5 years of monotherapy with either tamoxifen or letrozole, and also examines the effect of sequential treatment of 2 years of one agent followed by 3 years of the other. A total of 8028 postmenopausal women with hormone receptorpositive, operable, breast cancer enrolled in the BIG 1-98 trial between March 1998 and May 2003 . This article presents the history of the trial, the evolution of the trial design over time, published results, and lessons learned during the study conduct.
History BIG 1-98 was originally conceived by the pharmaceutical company, Novartis, as the FEMTA Trial, a two-arm, phase-III, randomized, double-blind trial to compare 5 years of treatment with either letrozole or tamoxifen in postmenopausal women with operable, invasive breast cancer that was positive for estrogen receptors, progesterone receptors, or both. Begun in March 1998, this trial was designed as a head-to-head comparison of letrozole versus tamoxifen to satisfy regulatory requirements and to obtain the answer in as short a time frame as possible.
During the FEMTA trial development, the strategy for the development of letrozole in the adjuvant setting was re-evaluated by Novartis and a consensus was reached to place the trial under the auspices of a large network of collaborating cooperative groups specializing in the conduct of breast cancer adjuvant therapy trials, the Breast International Group. Shortly after the trial was underway, the International Breast Cancer Study Group (IBCSG) , which is one of 41 cooperative groups that comprise the BIG, became the coordinating group for the BIG 1-98 adjuvant letrozole study and has been responsible for the scientific integrity, operation, and logistics of the trial.
In April 1999, the BIG 1-98 trial was activated with two randomization options, the two-arm option, which incorporated the FEMTA trial, and a new four-arm option, which added a second objective to evaluate the strategy of sequencing one agent after the other, with the switch at 2 years, for a total of 5 years of therapy. The twoarm option remained open to accrual only long enough to permit previously participating institutions to obtain ethics committee approval for activation of the four-arm option (August-September 1999) or to allow previously consented patients to complete their chemotherapy regimens prior to randomization (March 2000) .
The BIG 1-98 protocol expanded upon the original hypothesis of treatment superiority to address a second question regarding optimal sequencing of existing therapies. Specifically, for a patient who is disease-free, does switching to an alternative endocrine agent at 2 years reduce the risk of relapse compared with continuing the initial treatment to complete 5 years? The concept behind the sequential therapy was to study whether disease-free survival and overall survival could be improved by suppression or elimination of nonclinically evident micro-metastases, which developed resistance to the first treatment. Previous trials had shown letrozole to be an active agent in patients whose prior treatment with anti-estrogens failed, as well as in patients whose disease was resistant to treatment with tamoxifen.
BIG 1-98 trial design
Patients meeting the eligibility criteria (Table 1) were stratified by institution and by chemotherapy received (i.e., adjuvant and/or neo-adjuvant chemotherapy completed prior to randomization, neither adjuvant nor neo-adjuvant chemotherapy received with none planned, or adjuvant chemotherapy given concurrently with protocol therapy). If an institution participated in the two-arm option, patients were randomly assigned to receive either tamoxifen or letrozole for 5 years. If the institution participated in the four-arm option, patients were randomly assigned to receive one of four treatments: one of the two 5-year monotherapy treatments, letrozole for 2 years followed by tamoxifen for 3 years, or tamoxifen for 2 years followed by letrozole for 3 years (Figure 1 ). The trial was blinded to patients, physicians, and all study personnel with the exception of personnel at the IBCSG Statistical Center during the preparation of reports submitted to the Data and Safety Monitoring Committee.
The primary endpoint was disease-free survival (DFS), which was defined as the time from random assignment to the earliest time of invasive recurrence in local, regional, or distant sites; a new invasive breast cancer in the contralateral breast; any second (non-breast) malignancy; or death from any cause. Secondary outcomes were overall survival, systemic disease-free survival, and safety.
Although the duration of treatment was set at 5 years, all patients were to be followed lifelong for disease status, survival, and certain adverse events. An intention-to-treat analysis approach would be implemented.
Sample size considerations
The original target accrual for the BIG 1-98 trial was 5180 patients. We assumed that 1680 patients would be the final accrual figure for the two-arm option, and sought to recruit an additional 3500 patients in the four-arm option. The protocol was amended in 2002 to increase the total sample size to 8000 patients.
Original sample size
The original sample size calculation was based on estimates of 5-year DFS among patients treated with tamoxifen alone from two prior IBCSG trials, one in a node-positive and one in a node-negative population. For the head-to-head comparison of letrozole versus tamoxifen, a sufficient number of patients were sought to provide 80% power using a twosided, 0.05-level test to detect a 20% reduction in the risk of a DFS event (hazard ratio ¼ 0.80; 75% versus 79.4% 5-year DFS). A total of 642 events were required from a total recruitment of 5180. Included in the analysis, known as the primary core analysis (PCA), were all patients randomized under the two-or four-arm randomization options and events in the sequential therapy arms that occurred prior to the treatment switch. To test the second primary hypothesis that a sequence of endocrine agents is superior to a single endocrine agent, a combined analysis of two pair-wise comparisons, stratified according to the initial endocrine agent, would be performed for patients enrolled in the four-arm option. A sufficient number of patients was sought to provide 80% power using a two-sided, 0.05-level test to detect a 23% reduction in the risk of a DFS event measured after the switching time point, approximately 2 years after treatment initiation (hazard ratio ¼ 0.77 landmarked from the switching time point, thus including only patients alive and disease-free at 2 years). A total of 470 events were required.
Revised sample size
In August 2002, the target accrual for the trial was increased to 8000 patients. Preliminary calculations of the hazard rate based on data received through March 4, 2002 suggested that the average annual hazard rate (0.0335) was lower than originally assumed (0.0518). In addition, average accrual during the 6 months from September 2001 through February 2002 was 193 patients per month (2316 per year) much higher than originally anticipated (700 patients per year). Therefore, to compensate for the lower-than-anticipated event rate, the decision was made to increase the number of patients accrued to the four-arm randomization option to at least 6100 patients, which was 2600 patients more than the 3500 originally planned for the four-arm option. By the time of this decision, the two-arm option had been closed with a total accrual of 1835 patients. Increasing accrual to the four-arm option to at least 6100 patients thus increased the total sample size to 7935 patients. These modifications were made prior to any assessments of treatment effects.
For the PCA, a sufficient number of patients was sought to provide 80% power using a two-sided, 0.05-level test to detect a 20% reduction in the risk of a DFS event (hazard ratio ¼ 0.80; 84.5% versus 87.4% 5-year DFS). A total of 647 events were required and allowed for two interim analyses based on the O'Brien-Fleming spending function. Events occurring in the sequential treatment arms would be counted if occurring prior to the treatment switch (i.e., up to approximately 2 years after randomization). Increasing the sample size from 5180 to approximately 8000 patients permitted the original timelines to be met despite the re-estimation of the baseline 5-year DFS percent from 75% (original design) to 84.5% (revised design).
To compare single endocrine agent therapy versus sequential endocrine therapy, the increase in sample size permitted an increase in the power to detect a difference. The power was increased to 92% to detect the 23% reduction in risk originally specified. With 80% power, a 20% reduction in the risk of an event measured subsequent to the switching time point could be detected (hazard ratio ¼ 0.80 from the switching time point). A total of 677 events recorded for the landmark analyses following the time of treatment switch was sufficient to achieve the revised statistical considerations.
In 2003, the BIG 1-98 Steering Committee considered evidence emerging from other studies of adjuvant therapies for breast cancer and decided that the originally planned, landmark analysis, comparing a sequence of agents to a single agent, should be separated into its component parts. An amendment in October 2003 specified that two separate, pair-wise, landmark comparisons (tamoxifen vs. tamoxifen followed by letrozole, and letrozole vs. letrozole followed by tamoxifen) would be performed with both measured from the time of the treatment switch. Each pair-wise comparison would be conducted at the 2.5% level of significance and each would be conducted when at least 331 DFS events were observed. This number of events was achievable before the end of 2008 and would provide 80% power to detect a 29.3% reduction in the risk of an event by switching rather than maintaining the same endocrine therapy beyond 2 years from treatment initiation. This magnitude of treatment effect is consistent with that observed from other studies evaluating the reduction in risk of recurrence by switching to an AI 2-3 years after diagnosis [6] .
Study conduct
Accrual to BIG 1-98
From March 1998 to March 2000, 1835 patients were randomly assigned in the two-arm option to receive 5 years monotherapy with either letrozole or tamoxifen. Enrollment included patients from a total of 148 hospitals in North and South America, Australia, New Zealand, Europe, and South Africa.
The four-arm option opened to accrual in April 1999 and closed in May 2003. A total of 6193 women were randomly assigned to one of the four treatment groups (four-arm option). The expansion of the trial increased the number and types of participating medical centers with the inclusion of additional academic centers worldwide. The final study enrollment was 8028 patients from a total of 240 participating centers. Eighteen patients withdrew their consent for trial participation prior to receiving any study treatment, resulting in an intention-to-treat sample of 8010 patients.
Oversight, quality assurance, and data monitoring Although international in scope, all official study communications, meetings, and teleconferences were conducted in English. Informed consent documents were translated into appropriate languages for presentation to the patients and were reviewed and approved by local ethics committees. The IBCSG provided study oversight with respect to the logistics of the trial and day-to-day operations through the Coordinating Center in Bern, Switzerland, the Data Management Center in Amherst, New York, and the Statistical Center in Boston, Massachusetts. An independent Data and Safety Monitoring Committee (DSMC), blinded to treatment assignment, reviewed study data every 6 months and provided recommendations for supplementary analyses and safety summaries. DSMC meetings and documents were closed to everyone except the DSMC members and appropriate IBCSG Statistical Center staff. The DSMC also reviewed two interim efficacy analyses for the PCA (eventdriven) and three interim efficacy analyses for the analysis of treatments in sequence (annual assessments). Upon recommendation from the DSMC, an independent medical reviewer, also blinded to treatment assignment, reviewed all study deaths, recurrences, severe adverse events, and bone fractures to insure uniform, and scientifically rigorous, reporting. Any resulting data discrepancies were discussed and confirmed with the investigator at the study center.
Study data monitors visited each of the participating centers at least quarterly to review the data and verify accuracy.
Randomization
Prior to 1999, a pre-packaged randomization was used. Novartis supplied participating centers with pre-packaged, 6-month drug packs with patient IDs and blinded drug codes pre-printed and packaged according to stratum. The center pulled the next package in the correct stratum, tore off a portion of the label containing the patient ID and blinded drug code, and attached this label to the appropriate case report form.
When the IBCSG became responsible for coordination of the BIG 1-98 in 1999, a centralized, computerized, randomization system was used. Each participating center was assigned to one of four BIG 1-98 randomization centers based upon geography and time zone (Bern, Switzerland; Amherst, New York; Copenhagen, Denmark; Sydney, Australia), which were linked to the central computer in Amherst. After verifying patient eligibility and obtaining informed consent, the participating center contacted its assigned randomization center by telephone or fax to obtain the patient's ID and drug code assignment. If the assigned randomization center could not be reached, randomization was completed in Amherst.
For patients randomized under the early, prepackaged system, Novartis provided the drug codes, unblinded, to the central randomization system, so that patients could be correctly re-supplied.
Study medication
The protocol dosage for letrozole was 2.5 mg daily oral administration and for tamoxifen 20 mg daily oral administration. Six-month supplies of study medication were provided to patients according to the drug code assignment. Patients took two tablets once a day. Using a double-dummy scheme, each pack included either active tamoxifen with placebo letrozole or placebo tamoxifen with active letrozole. Re-supply of study drug packs occurred every 6 months using an interactive voice response system (IVRS). Clinical site personnel used the telephone-based IVRS to obtain subsequent drug code assignments. Compliance with distribution of study drug packets to patients was monitored using a study drug administration case report form. Emergency code breaks were permitted through the IVRS. Non-emergency code breaks required prior permission of the medical review staff at the IBCSG Coordinating Center.
For patients assigned to the sequential treatment arms, the drug switch occurred at the time the fifth drug pack was dispensed, approximately 2 years after study randomization.
Adverse-event reporting
For patients undergoing study drug administration, adverse events (AEs) were recorded at each 6-month follow-up visit using check boxes on the case report forms. Severity was classified according to NCI Common Toxicity Criteria Version 2.0. The relationship of the AE to study treatment was assessed by the local investigator. Targeted AEs that were explicitly collected were cardiovascular events (i.e., myocardial infarction, cerebrovascular accident, transient ischemic attack, angina requiring PTCA or CABG, thromboembolic event, hypercholesterolemia, and 'other'), bone fractures, vaginal bleeding, endometrial pathology, nausea, vomiting, hot flushes, night sweats, and events leading to therapy discontinuation. Other cardiovascular AEs were collected using an open-text comment field for specification by the investigator. Open-text fields were coded according to MedDRA, and MedDRA preferred term [7] codes were further grouped into categories by IBCSG oncologists.
Senior oncologists at the IBCSG Coordinating Center, who were blinded to treatment assignment, reviewed all grade 3, 4, or 5 cardiovascular AEs, other grade 3-5 AEs whose causes were unclear, and all deaths occurring prior to a DFS event. Pre-existing cardiovascular morbidities reported at the time of enrollment were also medically reviewed. After treatment completion or discontinuation, cardiovascular, musculoskeletal, and endometrial AEs were reported yearly. Serious adverse events (SAEs) were defined and reported according to International Conference on Harmonization (ICH) Guidelines, beginning at the time of informed consent until 30 days after stopping study treatment.
Follow-up reporting
Patients were seen for follow-up at clinic visits every 6 months during treatment to gather general safety data, to document predefined toxicity data, and to receive a new supply of study medications. If a patient discontinued trial treatment for any reason, survival, disease status, and cardiac, bone, and endometrial AEs were reported every 6 months for 5 years from randomization, followed by yearly reports. After 5 years, patients were followed yearly.
Published efficacy analyses
Primary Core Analysis (2005) By its innovative design, BIG 1-98 was positioned to address two important questions through two analyses. The first, a protocol-specified primary core analysis (PCA), was presented in 2005 by Thürlimann et al. [8] and provided a head-to-head comparison of letrozole versus tamoxifen. The database was retrieved for this analysis on December 20, 2004. Patients from all four treatment assignments were included in this analysis; however, follow-up information and events for patients enrolled in the two sequential treatment arms were included for up to 30 days after the treatments were switched. The enriched design, including information from the first 2 years of the sequential treatment arms, increased the number of events available for the primary treatment comparison and thus shortened the timeline to conduct the planned analysis. It was noted at that time that the inclusion of patients assigned to the sequential arms reflected early DFS events more strongly due to censoring of their follow-up 30 days after the treatment switch. However, since the median follow-up for the entire PCA was relatively short (25.8 months), the potential bias due to censoring at approximately 2 years in the sequential arms was minimized.
DFS was significantly better in the letrozole group than in the tamoxifen group (HR: 0.81, 95% CI: 0.70-0.93; log-rank p ¼ 0.003). There was no difference in overall survival. Figure 2 displays the overall treatment effect of letrozole relative to tamoxifen in the PCA, and also shows the treatment effect in each of the cohorts defined by the two-and four-arm randomization options. The median follow-up for patients in the twoarm option was 60.5 months compared with 30.0 months for the four-arm monotherapy cohort and 24.9 months for the four-arm sequential cohort. The different durations of follow-up contributed to the different percent of patients having an event in each cohort. Treatment effects within cohorts did not appear to differ from the overall effect in the PCA.
The BIG 1-98 PCA provided pivotal trial results used for the US Food and Drug Administration's approval of letrozole for the adjuvant treatment of postmenopausal women with hormone receptorpositive early breast cancer in December 2005.
Design revisions following the primary core analysis
The results of the PCA led to the recommendation of the DSMC, and a decision by the BIG 1-98 Steering Committee, to inform the 2459 patients, randomly assigned tamoxifen alone, of their treatment in order to make informed decisions about their future care. The DSMC did not make recommendations about further treatment of these patients; however, the Steering Committee agreed that these patients should be offered the opportunity to stop tamoxifen and receive letrozole. The protocol was amended in April 2005. Patients who were within 4.5 years of randomization could elect to either complete 5 years of treatment with tamoxifen or change to letrozole for the remainder of their 5-year adjuvant therapy. Patients who had been treated for 4.5-5 years with tamoxifen could choose to receive 'extended' letrozole for up to an additional 5 years. The remaining three, randomized, treatment groups (i.e., letrozole alone, letrozole followed by tamoxifen, and tamoxifen followed by letrozole) remained blinded.
The unblinding of the tamoxifen-alone group will complicate future analyses, including updates to the PCA. In addition to the intention-to-treat analysis, supplementary analyses will assess the influence of unblinded, selective cross-over to letrozole within the tamoxifen-alone arm.
Analysis of monotherapy cohort (2007)
With more than 1 year of additional follow-up, a protocol-specified analysis was conducted to assess treatment efficacy in the cohort of patients assigned to the monotherapy treatment arms of BIG 1-98 ( Figure 1) and was presented by Coates et al. [9] in 2007. This monotherapy analysis was limited to 4922 patients who were assigned to the monotherapy treatments in either the two-or the four-arm randomization options and included protocol-defined updated data, retrieved on February 21, 2006. This analysis compared the efficacy of monotherapy at a median follow-up of 51 months. With the additional follow-up, an adequate number of DFS events made it possible to use only the monotherapy arms, and thus provided adequate power without including information from the first 2 years of the sequential treatment arms. Not including the sequential arms avoided placing extra weight on the early DFS events. Finally, although patients assigned to tamoxifen alone had been unblinded at the time of this analysis, the extent of exposure to letrozole was very short, representing less than 2.5% of the total patient-years of follow-up. Hence, the cross-over to letrozole had little effect on the intentionto-treat analysis of the monotherapy arms at this time. DFS from the monotherapy analysis (HR: 0.82, 95% CI: 0.71-0.95, log-rank p ¼ 0.007) was very similar to that reported for the original PCA, but the results more directly addressed the question of long-term continuous therapy using single endocrine agents (Figure 3 ).
Analysis of Sequential Therapy (planned for 2008)
The second, protocol-specified, primary analysis will address the hypothesis that switching endocrine agents is superior to continuing with a single endocrine agent. This sequential therapy analysis (STA) is divided into two parts. The first analysis, known as the STA-S, will use a conditional landmark approach [10] and will be restricted to patients enrolled in the four-arm option who were alive and disease-free 30 days after the fifth drug pack was dispensed (approximately 2 years and 1 month after study randomization).
Two pair-wise comparisons will be performed to assess the effects of: (a) tamoxifen alone versus tamoxifen followed by letrozole, and (b) letrozole alone versus letrozole followed by tamoxifen. The beneficial effect of switching from tamoxifen to an aromatase inhibitor compared with continuing on tamoxifen has already been reported by several trials including the Intergroup Exemestane Study (IES) [11] . Therefore, of particular interest in the STA-S will be the comparison of letrozole for 5 years versus the sequence of letrozole followed by tamoxifen if alive and disease-free at approximately 2 years after treatment initiation, which is yet untested in the adjuvant setting.
Since more than one-third of the patients randomized to tamoxifen alone in the four-arm option have chosen to receive adjuvant letrozole after the release of the initial BIG 1-98 results in 2005, the interpretation of the results of pair-wise comparisons involving tamoxifen alone are complicated in intention-to-treat analyses. As a result, analyses will focus on the remaining three treatment arms, which maintained blinding throughout the conduct of the trial.
Additional pair-wise comparisons among the four treatment groups (four-arm randomization option), starting from the time of randomization, will also be performed to aid in clinical decisionmaking. Known as the STA-R, these analyses will examine whether or not it is beneficial for a newly diagnosed patient to receive sequential therapy rather than monotherapy, and will also assess which sequence is optimal. Particular attention will be given to two of the comparisons considered to be of greatest clinical relevance: letrozole versus tamoxifen followed by letrozole, and letrozole versus letrozole followed by tamoxifen. Hazard ratios with 99% confidence intervals will be presented to account for multiple comparisons, and estimates of 5-year DFS percent will also be presented as measures for treatment comparison.
To date, the DSMC has reviewed three interim evaluations of the STA-S, with the final review planned for October 2008, approximately 9 years after the start of enrollment into the four-arm option. Updated analyses of the PCA and monotherapy cohort are planned for 10 and 12 years after study initiation.
The timeline for the BIG 1-98 trial, starting with enrollment and ending with the 12-year PCA update, is presented in Table 2 . A summary of the study cohorts used for manuscripts and analyses is presented in Table 3 . To determine eligibility for enrollment in BIG 1-98, the primary tumor had to be positive for estrogen receptors (ER) or progesterone receptors (PgR). Steroid hormone receptor status (ER and PgR) was determined by local pathologists before random treatment assignment. Hormone receptor status was assessed using either biochemical (positive defined as greater than or equal to 10 fmol/mg cytosol protein) or immunohistochemical (IHC) assays (positive defined as greater than or equal to 10% of the invasive tumor cells expressing ER and/or PgR). IHC assays were used to determine hormone receptor status in 93% of patients and biochemical assays in the remaining 7%. During the course of the trial, some centers participated in the pathology substudy by submitting one stained, hematoxylin and eosin (H and E) slide and either 11 unstained slides or one paraffin block of the primary tumor. In April 2005, a retrospective tissue collection of tumor blocks began in accordance with institutional guidelines and national laws. The blocks were used to centrally assess four tumor markers and to prepare H and E slides to increase the number of patients with tumors centrally reviewed for histopathologic features.
The IBCSG Central Pathology Laboratory received tissue material for 6549 patients (82% of the enrolled sample), with 6291 patients having material with at least one of the four markers assessable (79%). Tissue material was reviewed for histopathologic features and four tumor markers: estrogen receptor (ER), progesterone receptor (PgR) [12] , and Ki-67 by IHC [13] , and HER2/neu (ErbB2) [14] by IHC and florescence in situ hybridization (FISH). Central assessments were performed without knowledge of patients' treatment assignments or outcomes.
The impact and importance of central assessment of ER and PgR was reported for patients receiving monotherapy by Viale et al., [12] in 2007. Local assessment for eligibility classified 99.9% of enrolled patients as having hormone receptor-positive disease. Central assessment of 6291 tumors classified 97.0% as positive. Concordance of local and central assessment of ER and of PgR varied by country, for example, with nine countries (out of 25) having a concordance of 80% or lower. Discordance was more marked for PgR than for ER.
Patients in the monotherapy cohort, whose tumors were classified locally as hormone receptor-positive and reclassified as hormone receptornegative by central review, had worse outcomes, with an estimated 65% 3-year DFS compared with 91% among patients whose tumors were classified concordantly (Figure 4 ). Patients who did not have the appropriate hormone receptor status required by this protocol, and, therefore, who did not have the disease being studied, enrolled in a trial with treatments that could not help them. Thus, an important role of central pathology review is to identify the appropriate target population for treatment through correct eligibility screening. While prospective central review involves additional expense and logistical planning, the personal and scientific costs of administering improperly targeted treatment can be higher.
Conclusion
BIG 1-98 started as a two-arm, randomized, clinical trial, designed to assess the superiority of letrozole over tamoxifen. The trial increased its clinical relevance by expanding to answer two questions concerning how best to use endocrine agents for the treatment of early breast cancer in postmenopausal women with hormone receptor-positive tumors.
With the addition of a second primary hypothesis, to assess the benefit of switching as compared with continuing treatment agents, the BIG 1-98 trial will provide information about the effectiveness of letrozole in sequence with tamoxifen. Random assignment to one of the four possible treatment regimens allowed for two complementary analyses in BIG 1-98. The PCA showed the superiority of letrozole over tamoxifen and was the basis for regulatory approval of letrozole as an adjuvant therapy for early breast cancer. Patients who were assigned the sequential treatments were included in this analysis until the time of the treatment switch at approximately 2 years. The potential for bias was minimized at this relatively early point in the overall follow-up of the trial, when the PCA was reported, but future analyses, comparing 5 years of letrozole versus 5 years of tamoxifen, will focus on the monotherapy cohorts.
The dissemination of these results led to the unblinding of patients assigned tamoxifen alone for 5 years, offering them an option to switch to letrozole for the remainder of their 5 years of adjuvant treatment or choose letrozole as extended adjuvant therapy. Analysis of updated data for the tamoxifen-alone treatment group will be more complex, requiring evaluation of the influence of unblinded, selective cross-over in more than onethird of patients.
Analysis of the second primary hypothesis will complement the PCA. Limited to patients enrolled in the four-arm option, this analysis will use a conditional landmark approach to compare the effects of treatments for patients alive and disease-free approximately 2 years after study enrollment. An additional set of analyses will compare outcomes for the four treatment groups timed from randomization. It is hoped that these results will inform decisions regarding optimal endocrine treatment for postmenopausal women who are newly diagnosed with endocrine responsive, operable, breast cancer. Adjuvant letrozole versus tamoxifen according to centrally-assessed ERBB2 status for post-menopausal women with endocrine-responsive early breast cancer: supplementary results from the BIG 1-98 randomised trial. Lancet Oncol 2008; 9: 23-28.
